Background. This study was designed to examine the effect of adjuvant 5-FU-based chemoradiation therapy (CRT) after distal pancreatectomy for adenocarcinoma of the distal pancreas. Methods. All patients underwent curative resection for adenocarcinoma of the distal pancreas between December 1985 and June 2006. Patients who received adjuvant CRT were compared with those who underwent surgery alone. A Kaplan-Meier estimate of the survival curve was used to determine estimates of the median survival and proportion alive at 1 and 2 years; log-rank tests were used to make comparisons between groups. Results. A total of 123 patients underwent distal pancreatectomy; 29 patients were excluded for distant metastases at the time of surgery (n = 12, 10%) or before adjuvant therapy (n = 11, 9%), death within 2 months of surgery (n = 2, 2%), or if CRT treatment status was unknown (n = 4, 3%). Of the remaining 94 patients, 72% received adjuvant 5-FU-based CRT and 28% underwent surgery alone. Overall median survival was 16.2 (95% confidence interval (CI), 13
The overall prognosis of adenocarcinoma of the body and the tail of the pancreas is poor. 1, 2 Pancreatic head lesions typically produce biliary obstruction and subsequent jaundice. Conversely, tumors of the body and tail of the pancreas rarely cause obstructive symptoms and often are diagnosed at advanced stages. Because the pancreatic body lies in close proximity to the celiac axis and mesenteric vessels, it is common for carcinomas in this location to be large and unresectable at presentation. 3 In patients with resectable carcinomas, surgery provides a chance of cure, but survival after surgery alone is dismal with high rates of recurrence and distant metastases. [1] [2] [3] Limited studies to date have analyzed outcomes in patients with adenocarcinoma of the distal pancreas. [1] [2] [3] Furthermore, the impact of specific risk factors on survival has been inconsistent. Given the paucity of data regarding the efficacy of adjuvant therapy after a distal pancreatectomy, current recommendations regarding adjuvant therapy are extrapolated from studies composed predominantly of adenocarcinoma of the head of the pancreas, many of which show conflicting results. [4] [5] [6] [7] This study was designed to examine risk factors for disease progression and to evaluate whether adjuvant 5-FU-based chemoradiation therapy (CRT) improves overall survival for adenocarcinoma of the body and tail of the pancreas.
METHODS
Between December 18, 1985 and June 13, 2006 , 123 patients underwent distal pancreatectomy for adenocarcinoma of the body or tail of the pancreas at the Johns Hopkins Hospital (JHH). All patients underwent resection of a carcinoma that was located in the distal neck, body, or tail of the pancreas. In all cases a lymphadenectomy was performed, and in 98% of the cases the spleen was resected en bloc with the pancreas. The preoperative determination of resectability was most commonly performed by using CT angiography and less commonly by MRI. 8 These studies were supplemented with endoscopic ultrasound as necessary. In some cases, laparoscopy was used to evaluate for the presence of suspected carcinomatosis before resection. Patients who were preoperatively deemed resectable were considered surgically unresectable if distant metastasis or [180 degrees of circumferential involvement of the superior mesenteric artery or celiac axis was identified at the time of surgery. Involvement of the portomesenteric vein in the absence of arterial involvement was not a contraindication for resection. Tumors infiltrating adjacent organs, such as the stomach, liver, colon, and kidney, were considered resectable as long as technically feasible.
Approval was granted by the Johns Hopkins Hospital Institutional Review Board before data collection. Patients were excluded if they were found to have M1 disease at the time of surgery (n = 12) or during the preadjuvant therapy workup (n = 11), if they died within 60 days of surgery (n = 2), or if it was unknown whether they had received adjuvant therapy (n = 3). The final study cohort included 94 patients. Among them, 26 (28%) received no adjuvant therapy, 29 (31%) underwent 5-FU-based CRT at Johns Hopkins, and 39 (41%) underwent CRT at an outside facility. Because patient characteristics did not differ significantly for those who received adjuvant therapy at JHH or at other institutions, the groups were combined for further analysis.
Preoperative data were collected prospectively at the time of surgery. Severe comorbid conditions evaluated included second malignancies, coronary artery disease, chronic obstructive pulmonary disease, and cerebrovascular accidents. Length of hospital stay was evaluated.
Pathologic data evaluated included tumor size, lymph node status, resection margins, stage, grade, perineural, and perivascular invasion. A lymph node was considered positive for metastasis if it contained carcinoma, including direct extension in continuity with the primary tumor. Resection margins were considered positive if invasive carcinoma was present at any single margin.
Postoperatively, most patients were evaluated by radiation and medical oncology and were offered adjuvant therapy according to the JHH standard at the time of their evaluation, which generally consisted of concurrent 5-FU with radiation followed by maintenance 5-FU for an additional 2-6 months. For patients treated at another hospital, the same treatment recommendations were given and typically communicated via dictated consultation to the treating physician. Patients who elected to receive no therapy did so after being fully informed about the potential risks and benefits of choosing not to receive further therapy.
For those patients who received radiation therapy at JHH, the clinical treatment volume (CTV) was defined as the preoperative tumor bed, pancreaticoduodenal lymph nodes, splenic hilar lymph nodes, suprapancreatic lymph nodes, and the proximal celiac and superior mesenteric arteries. This was expanded by 1.5 cm for the final planning treatment volume (PTV1). At Johns Hopkins, the preliminary volume was typically treated to 45-50. 4 Gy, and in select cases there was a second cone-down (PTV2) to the tumor bed plus a 1-1.5-cm margin to 50-54 Gy. The median total dose for our cohort was 48.6 (range, 37-60) Gy. Forty-one percent of patients had treatment breaks during radiation therapy. Seventy-five percent of these treatment breaks were planned as patients were treated according to the Gastrointestinal Tumor Study Group. 7 In this study patients were given a 2-week break after the first 2 weeks of treatment. The details of therapy could not be fully assessed for patients treated elsewhere.
Patient follow-up was obtained from hardcopy charts and electronic medical records. Survival was determined and cross-checked by review of clinical follow-up information, cancer center abstracting services, and the Social Security Death Index. Site of first failure was recorded when available from follow-up notes, imaging studies, pathology reports, or correspondences.
STATISTICAL METHODS
Summary statistics for continuous and categorical variables were calculated. Comparisons were performed using Fisher's exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. The number of individuals with missing data is recorded for each variable and all summary statistics and tests of comparison are based on only the individuals with known covariates.
The primary outcome was overall survival, which was defined as the time from distal pancreatectomy until death. Patients were censored at the date of last known follow-up or death. A Kaplan-Meier estimate of the survival curve was computed and used to calculate median overall survival, as well as 1-and 2-year survival proportions with 95% confidence intervals. Comparisons between groups were made using the log-rank test. Cox proportional hazards modeling was used to model the effect of treatment while adjusting for other covariates. Similar analyses were performed for disease-free survival, defined as the time from surgery until disease recurrence.
RESULTS
All patients underwent distal pancreatectomy for adenocarcinoma of the body or the tail of the pancreas. Table 1 shows baseline patient, surgical, and pathologic tumor characteristics for the entire cohort and stratified by treatment group. The median age at the time of surgery was 68 (range, 26-92) years. Forty-six percent of patients were men, and 87% were white. Severe comorbid disease was present in 28% of patients at the time of presentation. Ninety-eight percent underwent splenectomy and 16% underwent bowel resection. The median length of hospital stay was 7 (range, 5-110) days. Those who did and did not receive adjuvant therapy were similar with respect to known poor prognostic factors. The only statistically significant difference between the adjuvant CRT and no CRT group was that more patients in the adjuvant CRT group were white (p = 0.02). Tumor size was [3 cm in 76% of patients. Positive margins were identified in 29% of patients and 55% had lymph node metastases. Because the American Joint Committee on Cancer (AJCC) staging manual was updated in 2002, staging before this date was updated for consistency.
Overall median survival for the entire cohort was 16.2 (95% CI, 13.1-18.9) months. One-year overall survival was 62% and 2-year overall survival was 31%. The influence of patient-and treatment-specific factors on survival is presented in Table 2 . Age and race did not significantly affect survival in our analysis. Female gender was associated with a significantly better overall survival (p = 0.05) as was severe comorbid disease (p = 0.04).
There was no statistically significant difference in median, 1-, or 2-year overall survival for patients treated with adjuvant CRT compared with surgery alone (16.7 vs. 12.1 months; 66% vs. 50%, 29% vs. 32%, p = 0.23), respectively (Fig. 1) . After adjusting for age, gender, race, node, and margin status, there remained no significant difference in overall survival between patients who received adjuvant CRT and those treated with surgery alone (hazards ratio (HR) = 0.61; 95% CI, 0.34-1.08; p = 0.09).
To determine whether our results varied based on location of adjuvant therapy (JHH vs. elsewhere), we performed two subgroup analyses. First, we compared the characteristics and survival for patients who received adjuvant therapy at JHH and elsewhere. Some differences in patient characteristics were observed between those treated with adjuvant therapy at JHH versus elsewhere (node positive: 46% vs. 54%, p = 0.61; margin positive: 12% vs. 39%, p = 0.02; and age [65 years: 41% vs. 64%, p = 0.09). On univariate analysis, there was a significant survival benefit for patients treated at JHH versus elsewhere (21.5 vs. 14.5 months; HR, 0.46; 95% CI, 0.26-0.82; p \ 0.01); however, this benefit was not significant after adjusting for age, gender, race, and nodal and margin status (HR, 0.52; 95% CI, 0.26-1.02; p = 0.06). Second, we attempted to replicate our primary results using only individuals who received adjuvant CRT at JHH (excluded elsewhere CRT). In this case, there was a significant increase in survival with adjuvant CRT at JHH vs. observation (21.5 vs. 12.1 months; HR, 0.51; 95% CI, 0.27-0.97; p = 0.04); however, this association was not significant after adjusting for age, gender, race, and nodal and margin status (HR, 0.59; 95% CI, 0.28-1.23; p = 0.16). The effects on survival observed for age, gender, race, and margin status and the interaction between nodal status and treatment were similar to those obtained using the entire cohort with a slight loss of power as would be expected due to the reduction in sample size. Therefore, we thought it was reasonable to combine patients who received adjuvant therapy at JHH and elsewhere in the final analysis.
Although the study was not designed to detect interactions between therapy type and risk factors, exploratory analyses were performed. Table 3 displays the median overall survival for patients receiving adjuvant CRT versus surgery alone by risk factors. There is a significant interaction between node status and treatment (p \ 0.01) indicating that patients respond differently to therapy depending upon nodal status. Figure 2 shows the overall survival for patients in the CRT versus surgery alone arms for node-positive individuals. Both alone and after adjusting for age, gender and margin status, there was a significant improvement in overall survival for node-positive patients treated with adjuvant CRT versus surgery alone (HR, 0.28; 95% CI, 0.14-0.58; p \ 0.01; and HR, 0.23; 95% CI, 0.1-0.52; p \ 0.01, respectively). For nodenegative individuals, the sample size was extremely small (N = 8 for the surgery alone and N = 31 adjuvant chemoradiation therapy). In fact, only three deaths were observed from eight subjects in the surgery alone group. Nevertheless, univariate analysis indicated that there might be a survival benefit for the surgery alone arm (HR, 3.0; 95% CI, 0.9-10; p = 0.06). The results above were nearly identical when the analysis was restricted to JHH patients (results not shown). The data were missing for a number of individuals for several key variables (e.g., 16 for tumor diameter, 7 for node and margin status). Multiple imputation with ten replicates was used to determine the impact of the missing data on the estimated effects. These analyses produced estimates that were nearly identical to those found using the observed data (results not shown).
Data on patterns of failure were available for 35 patients (10 surgery and 24 adjuvant therapy). There was no significant difference in time to relapse between the surgery alone and CRT groups, respectively (median, 4.8 vs. 9.8 months; p = 0.08). Of all patients with recorded recurrences, 12 were local, 21 were distant, and 1 patient had both a local and distant recurrence. Of patients with distant recurrences the majority were liver, 10 one was at an unknown site, and ten were defined as other, including peritoneal involvement, omental seeding, or lung metastasis. Stratifying by CRT, 6 of 10 (60%) failures occurred in the surgery only group versus 6 of 24 (25%) for the adjuvant CRT group.
DISCUSSION
We present the most comprehensive study of adjuvant therapy after distal pancreatectomy for adenocarcinoma of the body and the tail of the pancreas to date. We do not show a significant survival benefit with adjuvant 5-FUbased CRT. We did, however, show a potential benefit of adjuvant CRT in patients with lymph node metastasis.
There is a paucity of data regarding adjuvant therapy after distal pancreatectomy for adenocarcinoma of the body or tail of the pancreas. The recent Radiation Therapy Oncology Group randomized trial (97-04) excluded patients with tumors of the distal pancreas from the analysis. 9 Retrospective reviews designed to explore adjuvant or neoadjuvant therapy for distal pancreatic tumors have been small, ranging in size from 7 to 30 patients. 2, 3 As such, we believe our study represents an important contribution to the literature.
Limited studies have analyzed outcomes in patients with adenocarcinoma of the distal pancreas. [1] [2] [3] [10] [11] [12] [13] [14] [15] The largest series to date is a surgical series of 93 patients from Christein et al., which was designed to evaluate the role of en bloc resection in the surgical management of three subtypes of pancreatic adenocarcinoma (mucinous cystadenocarcinoma or adenocarcinoma with intraductal papillary mucinous neoplasms). 1 On univariate analysis the authors found age, tumor size, and stage to be significant predictors of survival. These differences were not significant after adjusting for multiple variables. Presence of lymph node (LN) metastases or positive margin did not significantly affect survival in their study. This is consistent with our results; however, there was a trend toward inferior survival seen in patients with marginpositive resections (p = 0.07).
On univariate analysis there was a significant difference in survival for those patients who received adjuvant therapy at JHH vs. elsewhere. However, this difference was no longer significant after controlling for nodal and margin status on multivariate analysis. It should be noted that despite the difficulties in following patients at other treatment facilities the follow-up was censored (patients alive at last follow-up) for only 4 of 39 (10%) patients. This total compares favorably to the rates observed for those who did not receive radiation therapy (7/27, 27%) and those who did receive therapy at JHH (9/29, 31%). Despite the observed survival differences based on treatment location, the effect of the other prediction variables (nodal status, margin status, etc.) was consistent when considering the cohort as a whole (JHH and elsewhere) or analyzing the JHH alone cohort.
Christein et al. report in their discussion that 74% of their patients received adjuvant therapy. 1 The median OS with adjuvant therapy in their study was 16.2 vs. 11.8 months without adjuvant therapy (p = 0.3). These results are consistent with our study (16.7 vs. 12.1). It is difficult however to draw specific conclusions regarding the role of adjuvant therapy from their study because there were no details regarding adjuvant therapy, and the authors did not statistically account for the different tumor types, risk factors, or selection bias.
Our data highlight the poor survival of patients with adenocarcinoma of the distal pancreas irrespective of adjuvant therapy. We report an overall median survival of 16.2 months, which is comparable to that found in previous studies. For example, a surgical series of 44 patients 10 demonstrated a median overall survival of 10 months, 2-year overall survival of 15%, and 5-year overall survival of 8% after distal pancreatectomy for adenocarcinoma of the body or tail of the pancreas.
It is concerning that 23 of 123 patients (19%) who underwent a distal pancreatectomy in our study were excluded from the analysis because they had metastatic disease at the time of surgery or before initiation of adjuvant therapy. This suggests limitations in current preoperative staging paradigms and raises the importance of better selection of patients for curative resection. There are several limitations of the current study. First, the analysis of CRT was retrospective in nature. As a result, some patients were lost to follow-up and treatment was not randomized. However, every effort was made to identify patients who died by reviewing the electronic medical record, the cancer registry, and the Social Security Death Index. In addition, because of variations in reporting within the institution during the study period, some measurements (e.g., tumor stage) were not observed for all individuals. Multiple imputation techniques showed similar results to the complete data techniques, which indicate that, assuming the data are missing at random (MAR), the conclusions are robust. Second, although all of the patients were treated with concurrent 5-FU-based chemotherapy, the regimens varied between patients. Some patients received additional agents on a clinical trial and some received maintenance gemcitabine as opposed to 5-FU. Third, radiation techniques and doses likewise varied between patients. Finally, although this is the largest single center series reported to date, the sample size is limited, which makes it difficult to detect small effects.
In summary, our data do not show a significant improvement in overall survival with adjuvant 5-FU-based CRT after distal pancreatectomy compared with distal pancreatectomy alone. In an exploratory analysis, patients with node metastases seemed to potentially benefit from adjuvant CRT, which merits further study. A large percentage of patients were found to have distant metastasis at the time of surgery or before initiation of adjuvant therapy, suggesting a need for more extensive evaluation before surgery or perhaps consideration of neoadjuvant therapy to better select patients for subsequent resection. 16 
